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ABSTRACT
Objective To describe the growth pattern from birth to
2 years of UK-born white British and Pakistani infants.
Design Birth cohort.
Setting Bradford, UK.
Participants 314 white British boys, 383 Pakistani
boys, 328 white British girls and 409 Pakistani girls.
Main outcome measures Weight and length
trajectories based on repeat measurements from birth to
2 years.
Results Linear spline multilevel models for weight and
length with knot points at 4 and 9 months ﬁtted the
data well. At birth Pakistani boys were 210 g lighter
(95% CI −290 to −120) and 0.5 cm shorter (−1.04 to
0.02) and Pakistani girls were 180 g lighter (−260 to
−100) and 0.5 cm shorter (−0.91 to −0.03) than
white British boys and girls, respectively. Pakistani
infants gained length faster than white British infants
between 0 and 4 months (+0.3 cm/month (0.1 to 0.5)
for boys and +0.4 cm/month (0.2 to 0.6) for girls) and
gained more weight per month between 9 and
24 months (+10 g/month (0 to 30) for boys and
+30 g/month (20 to 40) for girls). Adjustment for
maternal height attenuated ethnic differences in weight
and length at birth, but not in postnatal growth.
Adjustment for other confounders did not explain
differences in any outcomes.
Conclusions Pakistani infants were lighter and had
shorter predicted mean length at birth than white
British infants, but gained weight and length quicker in
infancy. By age 2 years both ethnic groups had similar
weight, but Pakistani infants were on average taller
than white British infants.
INTRODUCTION
Growth during infancy is important to future
health and well-being.1 Speciﬁc patterns of growth,
such as rapid growth during infancy in children
born with relatively low birth weights, are asso-
ciated with cardiovascular disease.2 South Asian
populations have a known higher risk of cardiome-
tabolic disease,3 4 a four to sixfold greater preva-
lence of diabetes and a 50% higher risk of
mortality from cardiovascular disease compared to
the indigenous UK population.5
Childhood obesity is a growing public health
problem; in England over a ﬁfth of children start
school overweight or obese, with the prevalence of
obesity in children of South Asian origin being
higher than the national average.6 There is some
evidence that risk of obesity is greater in those who
grow more quickly/put on more weight from early
life.7 8 South Asian children are known to be
among the lightest in the world at birth and to
have a ‘thin-fat’ phenotype characterised by small
abdominal viscera and low muscle mass but a rela-
tively large proportion of body fat.9 This thin-fat
phenotype persists during childhood, with several
studies reporting higher skinfold values and more
direct measurements of fat mass, for a given body
mass, among South Asian compared with European
samples.10–13
The growth patterns of South Asian infants and
children have largely been explored through cross-
sectional studies.13–16 Traditional approaches to
analysing child growth have used z scores, however
this method does not allow the shape of the
growth trajectory to be modelled or appropriately
analyse the measurements which are clustered
within individuals. Our aim is to compare the
pattern of growth from birth to 2 years of age of
white British and Pakistani infants.
What is already known on this topic
▸ Birth size and early childhood growth are
important for normal development and short
and long term health.
▸ Pakistani infants are lighter at birth than white
British infants.
▸ The patterns of growth of UK Pakistani infants
are largely unknown.
What this study adds
▸ Pakistani boys and girls gain more length per
month than white British children in the ﬁrst
4 months of life.
▸ Pakistani boys and girls gain more weight per
month after 9 months than white British
children.
▸ By age 2 years Pakistani boys and girls have
similar weight, but are generally taller than white
British children.
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DATA AND METHODS
Study population
Born in Bradford (BiB) is a longitudinal multi-ethnic birth
cohort study aiming to examine the impact of environmental,
psychological and genetic factors on maternal and child health
and well-being.17 Bradford is a city in northern England with
high levels of socio-economic deprivation and ethnic diversity.
Women were recruited at the Bradford Royal Inﬁrmary at 26–
28 weeks gestation. A baseline questionnaire was completed for
those consenting. The full BiB cohort recruited 12 453 women
comprising 13 776 pregnancies between 2007 and 2010 and
the cohort is broadly characteristic of the city’s maternal popu-
lation in terms of age, deprivation and ethnicity.17 Ethics
approval for the study was granted by Bradford Research Ethics
Committee (Ref 07/H1302/112).
A subsample of the BiB cohort (BiB 1000) recruited between
August 2008 and March 2009 were invited to participate in
follow-up examinations when their children were approximately
6, 12, 18 and 24 months of age. Of the 1917 women eligible for
this substudy, 1735 consented and were included. Of these
women, 1707 had a singleton birth and 28 had twin births. Twin
births were excluded due to differences in growth patterns.
The mother’s self-deﬁned ethnicity was collected in the base-
line questionnaire and used to deﬁne the ethnicity of her off-
spring. Analyses presented in this paper were restricted to the
white British and Pakistani origin groups only as the numbers in
the other ethnic groups were too small (<75 infants in each
group) for further analysis.
Measurements
The baby’s birth weight was obtained from hospital maternity
records. For births that occurred outside the Bradford Royal
Inﬁrmary, this information was obtained from records held at
Bradford and Airedale Primary Care Trust. Birth length was not
routinely recorded.
Weight and length measurements between birth and 2 years
of age were available from two sources: the BiB 1000 clinics
and health visitor records (which form part of standard care in
the UK). The infants were visited at home or in clinics as part
of the BiB 1000 study at age 6, 12, 18 and 24 months; 1305
(76.5%) of the sample completed the 6-month visit (age range
at visit: 4.9–9.4 months), 1286 (75.4%) the 12-month visit (age
range at visit: 10.7–18.3 months), 1263 (74.0%) the 18-month
visit (age range at visit: 15.2–22.9 months) and 1201 (70.4%)
the 24-month visit (age range at visit: 23.4–28.5 months).
Covariables
Information on additional covariables was collected from the
baseline questionnaire and birth records. The baby’s sex and
gestational age (preterm (<37 weeks) or term (≥37 weeks))
were collected from the birth record. Maternal smoking status
was coded from self-report from the baseline questionnaire as
smoker during pregnancy or non-smoker during pregnancy.
Maternal height was measured at baseline. Overall, 24 partici-
pants had data missing on at least one of the covariables and
were excluded from all growth models.
Statistical analyses
We estimated individual growth trajectories for weight and
length from birth to 2 years of age using linear spline multilevel
models (two levels: measurement occasion and individual),
using the command ‘runmlwin’18 in the software package Stata
1119 which calls the MLwiN V.2.4 software.20 These models
allow for the change in scale and variance in the measurements
over time and use all available data under a missing at random
assumption. They also allow for individual variation in growth
trajectories, as random effects allow each individual to have dif-
ferent intercepts and slopes.
We ﬁtted a series of models with knot points at different time
intervals (3 and 9 months, 3 and 10 months, 3 and 12 months,
4 and 9 months, 4 and 10 months, and 4 and 12 months) based
on the results of previous studies21–25 and selected the best
ﬁtting model as the model with the highest log likelihood. The
model with knot points at 4 and 9 months was the best ﬁtting
model for these weight and length data.
Four coefﬁcients for each of weight and length described the
average growth trajectory in the cohort: birth weight/length and
mean linear growth for the three time periods (birth—
4 months, 4–9 months and 9–24 months). Sex and ethnic differ-
ences in growth trajectories were estimated by ﬁtting interaction
terms between ethnic and sex groups (four groups: white
British boys, Pakistani boys, white British girls and Pakistani
girls), the constant term and each of the linear slopes (see the
full equation in the supplementary material). The parameters
for these interaction terms indicate whether there were differ-
ences in birth weight/length and growth in each time period
between ethnic and sex groups.
Four growth trajectory models were ﬁtted: unadjusted,
adjusted for gestational age, adjusted for smoking during preg-
nancy, adjusted for maternal height and adjusted for all three
additional covariables as ﬁxed effects. Ethnicity, sex and meas-
urement source were also included as level 1 random effects;
sensitivity analyses were carried out including these only as
ﬁxed effects but the results did not change.
RESULTS
Data and population
Data on growth, ethnicity and all covariables were available for
314 white British boys, 383 Pakistani boys, 328 white British
girls and 409 Pakistani girls (table 1). There was a median of
seven weight measurements per child (IQR 6–9 measurements)
and a median of four length measurements per child (IQR 3–5
measurements) (see supplementary web table S1). Model ﬁt was
good for all models (see online supplementary table S2).
Ethnic differences in weight trajectories
Figure 1 shows the predicted weight trajectory for each of the
ethnic and sex groups. Pakistani boys and girls were lighter at
birth on average than white British boys and girls (mean differ-
ences of −210 g for boys (95% CI −290 to −120) and −180 g
for girls (95% CI −260 to −100)) (table 2). There were no
ethnic differences in weight gain from birth to 4 months or
between 4 and 9 months. Between 9 months and 2 years
Pakistani boys and girls gained more weight per month than
white British boys and girls: the unadjusted difference in weight
gain per month was 10 g (95% CI 3 to 30) for boys and 30 g
(95% CI 20 to 40) for girls. By 2 years of age, the predicted
weight for boys and girls was similar in both ethnic groups (see
supplementary web table S3). Adjustment for maternal smoking
increased the differences in birth weight by approximately 40%,
while adjustment for maternal height attenuated the difference
by 57% for boys and 44% for girls, although this was negated
in the fully adjusted model. Adjustment for the other covariables
did not substantially alter the growth rates in each time period
(table 2).
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Ethnic differences in length trajectories
Figure 2 shows the predicted length trajectory for each of the
ethnic and sex groups. Pakistani boys and girls had a shorter
predicted mean length than white British boys and girls at birth:
the mean predicted difference was −0.51 cm (95% CI −1.04 to
0.02) for boys and −0.47 cm (95% CI −0.91 to −0.03) for girls
(table 3). The growth rates in length between birth and
4 months were greater for both Pakistani boys and girls com-
pared to white British boys and girls: the unadjusted difference
in length gain was 0.31 cm per month (95% CI 0.10 to 0.53)
for Pakistani boys compared to white British boys and 0.40 cm
per month (95% CI 0.20 to 0.59) for Pakistani girls compared
to white British girls (table 3). Between 4 and 9 months and 9
and 24 months, the rate of length gain was similar in all ethnic
and sex groups. By 2 years of age Pakistani boys were 0.6 cm
taller (95% CI 0.02 to 1.21) than white British boys and
Pakistani girls were 1.1 cm taller (95% CI 0.48 to 1.64) than
white British girls (see supplementary web table S3). The ethnic
differences in birth length increased by approximately 50% after
adjustment for maternal smoking but were attenuated after
adjustment for maternal height. Signiﬁcant ethnic differences in
birth length remained in the fully adjusted model. Adjustment
for the additional covariables did not change differences in the
growth rates in the other time periods investigated (table 3).
DISCUSSION
Pakistani boys and girls were lighter and had a shorter predicted
mean length at birth than their white British counterparts.
However by 2 years of age, the ethnic groups had similar
weights but Pakistani boys and girls were taller. Differences in
maternal height explained some of the differences in weight and
length at birth, however adjustment for maternal height,
smoking during pregnancy and gestational age did not explain
the differences in postnatal growth rates.
Published data on the growth of healthy children in the ﬁrst
few years of life from Pakistan are scarce.26 27 Growth centile
charts for children born in Pakistan with normal birth weight,
complete immunisation and no history of chronic infection aged
2–16 years have been developed.27 Our predicted mean values
for weight and length at age 2 years for Pakistani boys and girls
approximated the 50th centile values of these charts; however,
these charts were based on small sample sizes so comparisons
should be interpreted cautiously. A previous UK study found
that South Asian boys showed greater increases in weight and
length compared to European boys in the ﬁrst 3 months of life,
while growth rates were similar for girls of both ethnicities.28 In
our study we found that in the ﬁrst 4 months of life both
Pakistani boys and girls had a greater increase in length,
however no ethnic differences in weight gain were observed.
Figure 1 Average weight (kg)
trajectory predicted by the multilevel
models.
Table 1 Characteristics of study participants
All (N=1434) White British boys (N=314) Pakistani boys (N=383) White British girls (N=328) Pakistani girls (N=409)
Birth weight (kg)
Mean (SD) 3.22 (0.55) 3.38 (0.59) 3.19 (0.52) 3.26 (0.57) 3.08 (0.51)
z Score (SD)* −0.22 (1.21) 0.00 (1.26) −0.38 (1.12) −0.00 (1.28) −0.40 (1.16)
Weight at 2 years (kg)†
Mean (SD) 12.45 (1.54) 12.75 (1.50) 12.81 (1.45) 12.16 (1.41) 12.16 (1.66)
z Score (SD)* 0.32 (1.01) 0.29 (1.01) 0.33 (1.02) 0.34 (0.98) 0.32 (1.04)
Length at 2 years (cm)†
Mean (SD) 86.6 (3.4) 87.3 (3.6) 87.3 (3.1) 85.4 (3.4) 86.4 (3.2)
z Score (SD)* −0.04 (1.04) −0.06 (1.14) −0.07 (1.00) −0.20 (1.04) 0.11 (1.00)
% Smoked during pregnancy 18.1 37.3 3.9 33.8 3.9
% Preterm birth 5.4 7.0 4.4 5.5 4.9
Mean maternal height cm (SD) 161.4 (6.4) 164.1 (6.1) 159.7 (5.7) 163.9 (6.2) 159.0 (5.9)
*z Score calculated using the WHO growth standards (http://www.who.int/childgrowth/en/).
†These estimates are based only on infants with a measurement at age 2 years (N=239 for weight and N=185 for length).
Length was not routinely recorded at birth.
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Given the relationship of early postnatal growth to normal
development and adult health, together with known anthropo-
metric differences at birth in South Asian compared to white
European infants, it is important to understand how size differs
in this group in the postnatal period, and what factors might
explain these differences. The faster growth in South Asian chil-
dren shown in our study could be beneﬁcial for their early
infant/childhood health as observed in low income countries.29
However, if the greater rate of weight gain is driven by greater
fat gain in this population, it may have adverse long-term conse-
quences for their cardiometabolic health30 and contribute to the
increased risk of diabetes and cardiovascular disease observed in
South Asian adults.3–5 South Asian children have been shown to
be fatter for a given body mass index than their European coun-
terparts and markers of diabetes and cardiovascular disease risk
are increased in South Asian children and adolescents, suggest-
ing that this faster early growth may indeed be contributing to
adverse later cardiometabolic health.14 15 31 Although we
acknowledge that further replication of our ﬁndings by others
and longer term follow-up to examine associations with a range
of early life and later outcomes will be required to clarify the
importance of these ethnic differences in growth, further
research is also needed to understand the genetic and environ-
mental factors that might explain these differences.
Strengths and limitations
The main strengths of this study are that we modelled ethnic
speciﬁc growth curves from birth to 2 years of age in a large
sample size with repeat measurements of weight and length.
The models ﬁtted the data well and allowed us to derive very
simple and interpretable associations between ethnicity and
growth in infancy and make further adjustment for explanatory
variables.
The knot points used to describe the periods of linear growth
in this study are similar to those used to deﬁne the periods of
linear growth in early infancy in a number of other cohort
studies.21 22–25
One limitation of this study is that birth length is not rou-
tinely measured with 24% of infants being measured within the
ﬁrst 2 weeks and 48% within the ﬁrst month. We have estimated
birth length and ethnic differences from our growth models (ie,
extrapolating back to birth), but these estimates may be unreli-
able. However, they are consistent with birth lengths reported
in other studies.21–23
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Figure 2 Average length (cm) trajectory predicted by the multilevel
models.
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Another limitation is that the child is assigned the mother’s
self-reported ethnicity as we do not have information on the
ethnic group of the child’s father. However, the mother’s and
child’s father’s place of birth and birthplace of both sets of
grandparents were obtained at interview. These data suggest that
for over 90% of the Pakistani mothers, both of her parents and
both parents of the child’s father were born in South Asia.
As our study uses data from one UK geographical region,
these results may not be generalisable to other areas even
however, comparable growth trajectory data are not available
for UK-born Pakistani infants.
CONCLUSION
Despite being lighter and having a shorter predicted mean
length at birth, Pakistani boys and girls gained weight and
length more quickly in infancy and by age 2 had similar weight
and were taller than white British children. Replication of these
ﬁndings in other studies and follow-up of this cohort to
examine the relationship of this catch-up growth with short and
longer term health outcomes is important.
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